We study the existence and nonexistence of positive solutions of some systems of nonlinear second-order difference equations subject to multipoint boundary conditions which contain some positive constants.
Introduction
The mathematical modeling of many nonlinear problems from computer science, economics, mechanical engineering, control systems, biological neural networks, and others leads to the consideration of nonlinear difference equations (see [1, 2] ). In the last decades, many authors have investigated such problems by using various methods, such as fixed point theorems, the critical point theory, upper and lower solutions, the fixed point index theory, and the topological degree theory (see, e.g., [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] ).
In this paper, we consider the system of nonlinear secondorder difference equations: 
where , , , , ∈ N, ≥ 2, Δ is the forward difference operator with stepsize 1, Δ = +1 − , Δ 2 −1 = +1 − 2 + −1 , = , means that = , +1, . . . , for , ∈ N, ∈ R for all = 1, , ∈ R for all = 1, , ∈ R for all = 1, , ∈ R for all = 1, , ∈ N for all = 1, , ∈ N for all = 1, , ∈ N for all = 1, , ∈ N for all = 1, , 1 ≤ 1 < ⋅ ⋅ ⋅ < ≤ − 1, 1 ≤ 1 < ⋅ ⋅ ⋅ < ≤ − 1, 1 ≤ 1 < ⋅ ⋅ ⋅ < ≤ − 1, 1 ≤ 1 < ⋅ ⋅ ⋅ < ≤ − 1, and 0 and 0 are positive constants.
Under some assumptions on the functions and , we will prove the existence of positive solutions of problem ( )-(BC). By a positive solution of ( )-(BC) we mean a pair of sequences (( ) =0, , (V ) =0, ) satisfying ( ) and (BC) with , V ≥ 0 for all = 0, and > 0 for all = 0, − 1, V > 0 for all = 1, . We will also give sufficient conditions for the nonexistence of positive solutions for this problem. System ( ) with the multipoint boundary conditions 0 − Δ 0 = 0, = ∑
−2 =1
+ 0 , V 0 − ΔV 0 = 0, and 
V + 0 ( 0 , 0 > 0) has been investigated in [16] . Some systems of difference equations with parameters, subject to multipoint boundary conditions, were studied in [17, 18] , by using the Guo-Krasnosel'skii fixed point theorem. We also mention the paper [19] , where the authors investigated the existence and multiplicity of positive solutions for the system Δ 2 −1 + ( , V ) = 0, Δ 2 V −1 + ( , ) = 0, = 1, − 1, with the multipoint boundary conditions (BC) with 0 = 0 = 0, by using some theorems from the fixed point index theory.
In Section 2, we present some auxiliary results which investigate a second-order difference equation subject to multipoint boundary conditions. In Section 3, we will prove our main results, and in Section 4, we will present an example which illustrates the obtained theorems. Our main existence result is based on the Schauder fixed point theorem which we present now. 
Auxiliary Results
In this section, we present some auxiliary results from [17] related to the following second-order difference equation with the multipoint boundary conditions:
where , , ∈ N, ≥ 2, ∈ R for all = 1, , ∈ R for all = 1, , ∈ N for all = 1, , ∈ N for all = 1, , 1 ≤ 1 < ⋅ ⋅ ⋅ < ≤ − 1, and 1 ≤ 1 < ⋅ ⋅ ⋅ < ≤ − 1.
Lemma 2 (see [17] 
∈ R for all = 1, − 1, then the solution of (1) 
Lemma 3 (see [17] ). Lemma 4 (see [17] ). Assume that ≥ 0 for all = 1, , (1) satisfies the following inequalities:
(b) For every ∈ {1, . . . , ⟦ /2⟧}, one has
where
and ⟦ /2⟧ is the largest integer not greater than /2.
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where , , ∈ N, ≥ 2, ∈ R for all = 1, ,
, and ℎ ∈ R for all = 1, − 1. We denote by Δ 2 , 2 , 2 , and 2 the corresponding constants and functions for problem (6) defined in a similar manner as Δ 1 , 1 , 1 , and 1 , respectively.
Main Results
We present first the assumptions that we will use in the sequel: Proof. We consider the problems
Problems (7) and (8) have the solutions
respectively, where Δ 1 and Δ 2 are defined in Section 2. By assumption ( 1) we obtain ℎ > 0 for all = 0, − 1 and > 0 for all = 1, . We define the sequences ( ) =0, , ( ) =0, by
where (( ) =0, , (V ) =0, ) is a solution of ( )-(BC). Then ( )-(BC) can be equivalently written as
with the boundary conditions 
where (ℎ ) =0, , ( ) =0, are given in (9) . We consider the Banach space = R +1 with the norm ‖ ‖ = max =0, | |, = ( ) =0, , and we define the set = {( ) =0, , 0 ≤ ≤ 0 , ∀ = 0, } ⊂ . We also define the operator E :
→ by
For sufficiently small 0 > 0 and 0 > 0, by ( 3), we deduce
Then, by using Lemma 3, we obtain E( ) ≥ 0 for all = 0, and = ( ) =0, ∈ . By Lemma 4, for all ∈ , we have
Therefore E( ) ⊂ .
Using standard arguments, we deduce that E is completely continuous. By Theorem 1, we conclude that E has a fixed point = ( ) =0, ∈ . This element together with = ( ) =0, given by (13) represents a solution for (11) In what follows, we present sufficient conditions for the nonexistence of positive solutions of ( )-(BC). Proof. We suppose that (( ) =0, , (V ) =0, ) is a positive solution of ( )-(BC). Then (( ) =0, , ( ) =0, ) with = − 0 ℎ , = V − 0 , = 0, , is a solution for (11)- (12), where (ℎ ) =0, and ( ) =0, are the solutions of problems (7) and (8), respectively (given by (9)). By Using now (9), we deduce that
Therefore, we obtain
where 1 = min{ 1 , ℎ − /ℎ 0 } and 2 = min{ 2 , / }. We now consider
By using ( 4), for defined above, we conclude that there exists 0 > 0 such that ( ) > 2 , ( ) > 2 for Discrete Dynamics in Nature and Society 5 all ≥ 0 . We consider 0 > 0 and 0 > 0 sufficiently large such that
By ( 2), (11), (12), and the above inequalities, we deduce that ‖ ‖ > 0 and ‖ ‖ > 0. Now, by using Lemma 4 and the above considerations, we have
In a similar manner, we deduce
So, we obtain
By (22) and (24), we obtain ‖ ‖ ≤ ‖ ‖/2 ≤ ‖ ‖/4, which is a contradiction, because ‖ ‖ > 0. Then, for 0 and 0 sufficiently large, problem ( )-(BC) has no positive solution.
Similar results as Theorems 6 and 7 can be obtained if instead of boundary conditions (BC) we have
where 0 and 0 are positive constants. 
respectively. By assumption ( 1) we obtainh > 0, for all = 1, , and̃> 0 for all = 0, − 1. For problem ( )-(BC 2 ), instead of sequences (ℎ ) =0, and ( ) =0, from Theorem 6, the solutions of problems (7) and (26) are (ℎ ) =0, and (̃) =0, , respectively, which satisfy ℎ > 0, for all = 0, − 1, and̃> 0 for all = 0, − 1. For problem ( )-(BC 3 ), instead of sequences (ℎ ) =0, and ( ) =0, from Theorem 6, the solutions of problems (25) and (8) are (h ) =0, and ( ) =0, , respectively, which satisfyh > 0, for all = 1, , and > 0 for all = 1, .
Therefore we also obtain the following results. 
An Example
We 
Hence, we deduce that assumptions ( 1), ( 2) , and ( 4) are satisfied. In addition, by using the above functions 1 and 2 , we obtaiñ:= ∑ 
